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SPECIFICATION 

.METHOD OF MANUFACTURING SILICON SINGLE CRYSTAL, 
SILICON SINGLE C RYSTAL AND SILICON WAFER 

Technical Field 

The present invention relates to a method of 
manufacturing a silicon single crystal using 
Czochralski method (hereinafter, "occasionally 
referred to as "CZ method"), more particularly, a 
method of manufacturing a silicon single crystal 
grown by Chochralski method by use of a seed 
crystal having a tip end with a sharp-pointed 
shape or a truncation thereof without using Dash 
Necking method, and a silicon single crystal and a 
silicon wafer manufactured thereby. 

Background Art 

A silicon wafer, which is obtained by 
processing a silicon single crystal grown by 
mainly CZ method into wafers, is used as a wafer 
for a substrate material on which a semiconductor 
device is formed. In growth of a silicon single 
crystal using CZ method, generally a seed crystal 
having a shape shown in Fig. 2(A) or 2(B) is 
gently brought into contact with a silicon melt 
heated to 1420 °C of a melting point or more, and 
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then the seed crystal is gradually pulled upward 
from the melt when a temperature of the seed 
crystal becomes steady. Thereby, a silicon single 
crystal is grown below the seed crystal. At this 
time, because innumerable slip dislocations are 
generated in the seed crystal as a result of 
thermal shock arising when the seed crystal is 
brought into contact with the silicon melt of high 
temperature, a necking portion where a diameter of 
the crystal grown following the seed crystal is 
once gradually lessened to about 3-5 mm is 
formed as shown in Fig. 4 in order to eliminate 
the slip dislocations. When the slip dislocations 
can have been eliminated from the grown crystal, a 
diameter of the crystal is gently enlarged to a 
desired diameter (formation of an enlarging 
diameter portion) , and then an approximately 
cylindrical silicon single crystal having a 
diameter required in a constant diameter portion 
thereof is pulled. 

A method of eliminating slip dislocations 
generated when a seed crystal comes into contact 
with a silicon melt by lessening a diameter of the 
crystal to about 3-5 mm is called as Dash 
Necking method, which is a manufacturing method 
widely utilized when growing a silicon single 
crystal by CZ method. 
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On the other hand, in recent manufacture of a 
silicon single crystal, a type of production in 
which a constant diameter portion of the single 
crystal is lengthened as much as possible is 
adopted in order to improve a productivity of a 
silicon single crystal itself and a silicon wafer 
having a large diameter is required with the aim 
of obtaining a large semiconductor device and 
improving a yield. Therefore, a single crystal to 
be pulled is becoming larger in diameter and 
heavier in weight. 

In cases that such a heavy silicon single 
crystal having a large diameter is grown, there 
naturally occurs a limit to the production using 
Dash Necking method in which a diameter of a neck 
portion is lessened to 5 mm or less, otherwise 
slip dislocations can not be eliminated. 

Therefore, recently a method of growing a 
silicon single crystal free from dislocation 
without using Dash Necking method is also being 
studied. For example, in Japanese Patent 
Application Laid-Open (kokai) No. 10-203898, a 
technique in which a silicon single crystal is 
grown without forming a neck portion by using a 
seed crystal having a tip end with a sharp-pointed 
shape or a truncation thereof is disclosed. 

If the technique disclosed in the Japanese 
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Patent Application Laid-Open (kokai) No. 10-203898 
is used, a silicon single crystal free from 
dislocation can be grown without lessening a 
diameter of the crystal to be grown at the tip end 
of the seed crystal to 5 mm or less. Therefore, 
it has an advantage in growing a crystal having a 
large diameter or a heavy crystal. 

However, in the technique of manufacturing a 
silicon single crystal described in the 
aforementioned Japanese Patent Application Laid- 
Open (kokai) No. 10-203898, there is a problem of 
how to adjust operation conditions so as not to 
generate slip dislocations when the seed crystal 
is brought into contact with a silicon melt. Even 
if a seed crystal having a tip end with a sharp- 
pointed shape or a truncation thereof is used, in 
the case where a difference of temperatures 
between the seed crystal and the silicon melt when 
the seed crystal comes into contact with the 
silicon melt is larger than required, innumerable 
slip dislocations are introduced into the seed 
crystal and it is impossible to eliminate the slip 
dislocations without necking. Moreover, many 
points to be studied in terms of operation has 
remained, for example, slip dislocations are 
introduced into the seed crystal if the 
temperature of a silicon melt largely changes even 
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while the tip end of the seed crystal is dipped 
into the silicon melt to the desired diameter and 
so on . 

As for the silicon wafer, a silicon wafer 
having a plane orientation of (100) or (111) in a 
main surface on which a semiconductor device is to 
be formed has been mainly utilized in view of 
physical characteristics and advantages in the 
processes of growing a crystal and fabricating a 
semiconductor device. However, since transport of 
carriers when forming a semiconductor device 
considerably depends on a crystal orientation, in 
recent years, with the aim of enhancing the 
working speed of the semiconductor device, a 
silicon wafer having a plane orientation of (110) 
in which high switching speed is expected starts 
to ' attract attention (Nikkei Mi erode vi ce s , the 
February 2001, No. 188, Nikkei BP Inc., published 
on February 1, 2001). 

In order to obtain the silicon wafer having a 
plane orientation of (110), it is possible to 
utilize a method in which a silicon single crystal 
having a crystal orientation of <100> or <111> is 
processed so that a (110) plane may be a main 
surface of a- wafer, or a method in which a silicon 
single crystal having a crystal orientation of 
<110> is grown from the first and processed into a 
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silicon wafer. However, the former method in 
which a silicon wafer having a plane orientation 
of (110) in a main surface thereof is manufactured 
from a single crystal having a crystal orientation 
of <100> or <111> requires oblique cutting of the 
cylindrical crystal so that the main surface may 
be a (110) plane. Therefore, it is not an 
efficient method for industrial mass production of 
silicon wafers because, in order to obtain an 
approximately circular silicon wafer to be a 
substrate for a standard semiconductor device, 
stock removal for making its shape becomes great 
loss and time for processing is long. 

To the contrary, in the method in which a 
single crystal having a crystal orientation of 
<110> is grown from the first and a silicon wafer 
with a main surface of a (110) plane is 
manufactured therefrom, if the silicon single 
crystal is sliced perpendicularly to the direction 
of the pulling axis as in the case of 
manufacturing silicon wafers having other plane 
orientations, and mirror-polishing is performed, a 
silicon wafer having a main surface of a (110) 
plane can be obtained. According to this method, 
since processing after pulling a single crystal 
can be performed as in the case of a wafer having 
a plane orientation of (100) or (111), grinding 
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loss generated when making a shape of a wafer and 
processing time for making the shape can be 
minimized. Therefore effective wafer processing 
without loss can be performed. 

However, this method has a problem in growing 
a silicon single crystal having a crystal 
orientation of <110>. 

Namely, in the case of a crystal having a 
crystal orientation of <100> or <111>, since slip 
dislocations caused in a seed crystal by thermal 
shock are introduced at an angle of about 50 - 
70 ° to a crystal growth interface, the slip 
dislocations can be taken out (eliminated) from a 
crystal to be grown by decreasing a diameter of 
the crystal to about 3-5 mm. However, in the 
case of a crystal having a crystal orientation of 
<110>, because slip dislocations are introduced in 
the direction approximately perpendicular to a 
crystal growth interface, it is difficult to 
eliminate the slip dislocations easily from the 
crystal to be grown. Consequently, there is a 
need to grow a silicon single crystal using a 
method in which a diameter of a neck portion is 
extremely lessened to less than 2 mm as described 
in Japanese Patent Application Laid-open (kokai) 
No. 9-165298 etc., or a special method in which, 
for example, slip dislocations are taken out by 
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forming multi-step concavity and convexity at a 
neck portion through repeated operation of 
lessening a diameter of a neck portion to about 3 
- 5 mm and then enlarging the diameter. 

Particularly in the case of growing a silicon 
single crystal having a crystal orientation of 
<100> or <111>, if a few slip dislocations are 
generated at a tip end of a seed crystal by 
thermal shock, the slip dislocations can be 
eliminated by virtue of using a seed crystal 
having a tip end with a sharp-pointed shape or a 
truncation thereof while the seed crystal is 
dipped to the desired diameter. However, in the 
case of a crystal having a crystal orientation of 
<110>, because slip dislocations are introduced in 
the direction approximately perpendicular to a 
melting surface of a seed crystal as described 
above, it is extremely difficult to eliminate even 
a few slip dislocations once introduced into the 
seed crystal.. 

Thus, in order to grow a silicon single 
crystal having a crystal orientation of <110> by 
use of a seed crystal having a tip end with a 
sharp-pointed shape or a truncation thereof 
without using Dash Necking method, there is a need 
to form further adequate operation conditions than 
the case of growing a silicon single crystal 

8 



having a crystal orientation of <100> or <111>. 

Moreover, also in the case of growing a 
silicon single crystal having a crystal 
orientation of <110> / for production of a heavy 
silicon single crystal with a large diameter, if a 
neck portion is formed by Dash Necking method to 
eliminate slip dislocations and further the 
minimum diameter of the neck portion is lessened 
to about 2-3 mm to ensure elimination of 
dislocations, it is hardly possible to pull a 
silicon single crystal with a large diameter of 
200 mm or more and weight of 100 kg or more. In 
order to support such a heavy silicon single 
crystal with a large diameter and pull it, there 
is a need that a diameter of a crystal formed at a 
tip end of a seed crystal is kept to 5 mm or more 
even at a portion with minimum diameter. 

Disclosure of the Invention 

An object of the present invention is to 
provide a method of manufacturing a silicon single 
crystal, in which a success ratio of growing a 
single crystal free from dislocation is increased 
when growing the silicon single crystal using a 
seed crystal having a tip end with a sharp-pointed 
shape or a truncation thereof by CZ method without 
Dash necking method, and at the same time, even in 



the case of growth of a silicon single crystal 
having a crystal orientation of <110>, a silicon 
single crystal with a large diameter can be grown 
by setting a minimum diameter of the crystal 
formed at a tip end of the seed crystal to 5 mm or 
more so that a diameter of a constant diameter 
portion of the single crystal may be 200 mm or 
more, a silicon single crystal, and a silicon 
wafer having a large diameter of 200 mm or more 
with a plane orientation of (110) . 

In order to accomplish the above object, a 
method of manufacturing a silicon single crystal 
of the present invention is a method of 
manufacturing a silicon single crystal by 
Czochralski method without performing Dash Necking 
method, comprising the steps of: providing a seed 
crystal having a tip end with a sharp-pointed 
shape or a truncation thereof in which an angle of 
the tip end is 28 ° or less; keeping the tip end 
of the seed crystal just above a silicon melt to 
heat it before bringing the tip end of the seed 
crystal into contact with the silicon melt; 
subsequently bringing the tip end of the seed 
crystal into contact with the silicon melt and 
immersing the seed crystal into the silicon melt 
to a desired diameter; and then shifting to pull 
the single crystal, wherein a temperature 
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variation at a surface of the silicon melt is kept 
at ±5 °C or less at least for a period from a 
point of bringing the tip end of the seed crystal 
into contact with the silicon melt to a point of 
shifting to pull the single crystal. 

Since Dash Necking is not performed, a 
diameter of the crystal formed at the tip end of 
the seed crystal can be kept to 5 mm or more. 
Therefore, a silicon single crystal having a large 
diameter of 200 mm or more and weight of 100 kg or 
more can be pulled. 

Particularly in the case of growing a silicon 
single crystal free from dislocation using a seed 
crystal having a tip end with a sharp-pointed 
shape or a truncation thereof without performing 
Dash Necking (in which a diameter of a crystal 
formed at a tip end of a seed crystal is once 
lessened to about 3-5 mm to eliminate slip 
dislocations), it is desirable that the crystal is 
grown by use of a seed crystal having a tip end 
with a sharp-pointed shape or a truncation thereof 
in which an angle of the tip end is 28 ° or less. 
The success ratio of growing a single crystal free 
from dislocation can be increased by using the 
seed crystal of which an angle of the tip end is 
28 ° or less . 

If the angle of the tip end is 28 ° or less, 
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it is easy to moderate thermal shock generated 
when the seed crystal is brought into contact with 
the silicon melt. Further, even in the case of 
generating a few slip dislocations, it is easy to 
let slip dislocations out of the seed crystal if 
the angle of the tip end is 28 ° or less. However, 
in the case of the angle of the tip end of more 
than 28 °, heat capacity at the tip end portion of 
the seed crystal increases, and temperature 
difference when bringing the tip end into contact 
with the silicon melt generates thermal shock. 
Thereby slip dislocations are introduced into the 
crystal. Moreover, since a diameter of the tip 
end of the seed crystal after dipping into the 
silicon melt becomes large by itself, it becomes 
difficult to let the introduced slip dislocations 
out of the crystal. 

For these reasons, in the manufacturing 
method of the present invention, the seed crystal 
having a tip end with a sharp-pointed shape or a 
truncation thereof in which an angle of the tip 
end is 28 ° or less is utilized to suppress 
thermal shock when bringing the seed crystal into 
contact with the silicon melt. 

It is necessary to heat the seed crystal just 
above the silicon melt so as to be approximately 
the same temperature as a surface of the silicon 
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melt before bringing the above-mentioned seed 
crystal into contact with the silicon melt. 

By heating the seed crystal before bringing 
it into contact with the silicon melt to set a 
temperature of the tip end of the seed crystal 
sufficiently close to a temperature of the silicon 
melt, the temperature difference between the tip 
end of the seed crystal dipped into the silicon 
melt and the silicon melt is made little, and 
thereby generation of thermal shock can be 
suppressed. At this time, heating of the seed 
crystal just above the silicon melt is performed 
preferably for about 5-60 min, optimally for 
about 20 - 30 min. 

If the tip end of the seed crystal is heated 
for a range of 5-60 min, the temperature of the 
tip end of the seed crystal can be set efficiently 
close to the temperature of the silicon melt 
surface, and further productivity of the silicon 
single crystal is not decreased by the heating. 
More optimally, an interval between the silicon 
melt and the tip end of the seed crystal is kept 
in a range of about 1-5 mm and the seed crystal 
is heated for 20 - 30 min, and then it is dipped 
into the silicon melt. Thereby, the thermal shock 
when bringing the seed crystal into contact with 
the silicon melt can be suppressed as small as 
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possible . 

Moreover, there is a need to perform dipping 
while a temperature variation at a surface of the 
silicon melt near the seed crystal is kept at 
±5 °C or less for a period from bringing the tip 
end of the seed crystal into contact with the 
silicon melt and immersing it into the silicon 
melt up to a desired diameter to shifting to 
pulling the single crystal. 

Since the silicon melt is kept as a melt by 
heating with a heater disposed around it, the 
silicon melt always generates thermal convection 
and temperature thereof constantly varies a little. 
When the temperature variation by the thermal 
convection is too large, even if the seed crystal 
is heated in conformity to the temperature of the 
silicon melt and then is brought into contact with 
the melt, thermal shock is generated at the tip 
end of the seed crystal. Thereby slip dislocations 
are introduced into the seed crystal. In addition, 
when the tip end of the seed crystal is dipped 
into the silicon melt, if a temperature of the 
silicon melt near the seed crystal changes large 
during dipping of the tip end, thermal strain is 
generated in the seed crystal through temperature 
difference between the seed crystal and the melt. 
Thereby slip dislocations are introduced into the 
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seed crystal, and it becomes difficult to grow a 
single crystal free from dislocation thereafter. 

In order to suppress such introduction of 
slip dislocations as much as possible, there is a 
need to pull the single crystal while the 
temperature variation at the surface of the 
silicon melt near the tip end of the seed crystal 
is kept at ±5 °C or less from a temperature when 
bringing the seed crystal into contact for a 
period from a point of bringing the tip end of the 
seed crystal having a sharp-pointed shape or a 
truncation thereof into contact with the silicon 
melt to a point of immersing the tip end into the 
silicon melt to a desired diameter and shifting to 
pulling. If the temperature variation of the 
silicon melt is over ±5 °C, it becomes easier to 
introduce slip dislocations into the seed crystal 
at the time of contact with the melt or dipping, 
and therefore the success ratio of pulling a 
silicon single crystal free from dislocation is 
decreased. 

In particular, in a silicon single crystal 
having a crystal orientation of <110>, from which 
it is difficult to eliminate slip dislocations 
once introduced thereinto, if the temperature 
variation of the silicon melt is over ±5 °C, 
possibility of growing a silicon single crystal 
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free from dislocation extremely decreases. In 
order to at least pull a silicon single crystal 
having a crystal orientation of <110> by use of a 
seed crystal having a tip end with a sharp-pointed 
shape or a truncation thereof without performing 
Dash Necking, there is a need to dip the seed 
crystal to the desired diameter while a 
temperature variation of the silicon melt near a 
portion where the tip end of the seed crystal is 
dipped is kept at ±5 °C or less as compared to the 
temperature of the melt when bringing the seed 
crystal into contact with the melt- 
More preferably, the temperature variation of 
the silicon melt is suppressed to ±3 °C or less. 
If the pulling is performed while the temperature 
variation of the melt near the dipped portion of 
the seed crystal is further decreased so that it 
is kept at ±3 °C or less as compared to the 
temperature of the melt when bringing the seed 
crystal into contact with the melt, slip 
dislocation due to the temperature variation of 
the silicon melt is hardly generated even in the 
case of a single crystal having a crystal 
orientation of <110>. Therefore, a silicon single 
crystal having no dislocation and the desired 
diameter can be almost surely pulled. 

It is preferable that the seed crystal is 
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brought into contact with the silicon melt and 
immersed therein with setting a temperature of the 
silicon melt when bringing the tip end of the seed 
crystal into contact with the silicon melt to 10 - 
20 °C higher than a temperature appropriate for 
bringing the seed crystal into contact with the 
silicon melt in a method of manufacturing a 
silicon single crystal using Dash Necking method, 
and the single crystal is pulled with setting a 
pulling rate to 0.5 mm/min or less at least when 
forming a decreasing diameter portion for a period 
from a point immediately after stopping lowering 
of the seed crystal and shifting to pulling to a 
point of starting enlargement of a diameter of the 
crystal formed below the' seed crystal. 

In a method of manufacturing a silicon single 
crystal using Dash Necking method, in the case 
that the temperature of the silicon melt is lower 
than a temperature appropriate to contact of the 
seed crystal with the silicon melt, or in the case 
that even though higher, the difference is less 
than 10 °C, when the seed crystal is dipped into 
the silicon melt, the dipped portion can not be 
smoothly melt into the silicon melt. As a result, 
there is a possibility of bringing about anomalous 
crystal growth such as occurrence of 
solidification. 
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To the contrary, if the temperature of the 
silicon melt is over 20 °C higher than a 
temperature appropriate to contact of the seed 
crystal with the silicon melt in a method of 
manufacturing a silicon single crystal using Dash 
Necking method, the tip end is melted before the 
seed crystal is brought into contact with the 
silicon melt. As a result, there is a possibility 
to be unable to successfully bring the seed 
crystal into contact with the silicon melt. 

Considering the above, the seed crystal 
should be brought into contact with the silicon 
melt and immersed therein while the temperature of 
the silicon melt when dipping the seed crystal is 
kept in a range of 10 - 20 °C higher than the 
temperature appropriate to contact of the seed 
crystal with the silicon melt in a method of 
manufacturing a silicon single crystal using Dash 
Necking method. 

Then, in formation of a decreasing diameter 
portion for a period from a point immediately 
after finishing immersing of the tip end of the 
seed crystal into the silicon melt to the desired 
diameter and stopping lowering of the seed crystal 
to shift to pulling to a point of starting 
enlargement of a diameter of the crystal formed 
below the seed crystal, it is desirable that the 
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silicon single crystal is grown while keeping a 
pulling rate at 0.5 mm/min or less. 

At a point immediately after finishing 
immersing the tip end of the seed crystal to the 
desired diameter and shifting to pulling, a 
diameter of a crystal formed below the seed 
crystal once becomes a little smaller than a 
diameter at a point of finishing immersing of the 
seed crystal, and then growth of the crystal is 
performed (formation of a decreasing diameter 
portion) . At this time, if pulling is performed 
at a higher rate than required, the diameter of 
the crystal grown below the seed crystal becomes 
much smaller than a desired diameter, and as the 
case may be, disadvantage such as separation of 
the crystal from the silicon melt occurs. 

In order to solve such problems, when forming 
a decreasing diameter portion for a period from a 
point after stopping immersing of a seed crystal 
and shifting to pulling to a point of starting 
enlargement of a diameter of a crystal formed 
below the seed crystal, it is adequate to perform 
growth of a crystal while keeping a pulling rate 
at 0.5 mm/min or less. 

In order to make it easy to set the above- 
mentioned conditions of contacting with the melt 
and dipping of the seed crystal, it is preferable 
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that the silicon single crystal is grown while a 
horizontal magnetic field with the magnetic field 
intensity of 1000 G or more at a center thereof is 
applied to the silicon melt at least for a period 
from a point of bringing the tip end of the seed 
crystal into contact with the silicon melt to a 
point of completing formation of the decreasing 
diameter portion formed below the seed crystal and 
starting enlargement of the diameter of the 
crystal . 

In the present invention, it is important to 
perform growth while the temperature variation of 
the silicon melt near the portion where the tip 
end of the seed crystal is dipped is kept at ±5 °C 
or less as compared to the temperature of the melt 
when bringing the seed crystal into contact with 
the melt. In order to suppress such a temperature 
variation of the silicon melt contained in a 
crucible, it is necessary to suppress thermal 
convection of the silicon melt generated by 
heating with heater disposed around the crucible 
as little as possible. In order to efficiently 
suppress the thermal convection, Magnetic field 
applied CZ method (hereinafter, referred to as 
MCZ method) in which a single crystal is grown 
with applying a magnetic field to a silicon 
melt is suitable for use. Particularly, in 
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order to stabilize a temperature of the 
silicon melt near the seed crystal when 
bringing the seed crystal into contact with 
the melt and dipping it thereinto, it is 
desirable that the seed crystal is brought 
into contact with the melt and dipped 
thereinto while applying to the silicon melt a 
horizontal magnetic field which has a great 
effect on decreasing temperature gradient of 
the silicon melt in the crucible. Such 
methods of growing a silicon single crystal 
include Horizontal magnetic field applied CZ 
method (hereinafter, referred to as HMCZ 
method ) . 

If the tip end of the seed crystal is brought 
into contact with the silicon melt and dipped into 
the melt to the desired diameter while applying to 
the silicon melt a magnetic field with intensity 
of 1000 G (Gauss) or more by means of this HMCZ 
method, it becomes easy to suppress the 
temperature variation of the silicon melt near the 
dipped portion to ±5 °C or less in the meantime. 
However, without limiting to such a controlling 
method, even in the case of a magnetic field with 
intensity of less than 1000 G or the case of no 
magnetic field applied, thermal convection can be 
suppressed by other controlling methods, for 
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example, by heating a surface of the silicon melt 
through lamp heating to decrease the temperature 
gradient in the vertical direction inside the 
silicon melt. Thermal convection of the silicon 
melt can be also suppressed by setting the amount 
of the silicon melt less and making a depth of the 
melt shallow. Further, if growth is performed 
while suppressing the temperature variation of the 
silicon melt at a portion where dipping the seed 
crystal to ±5 °C or less by combination with 
application of a magnetic field or the like, 
similar effect can be obtained. 

In the case of appropriately suppressing the 
temperature variation of the silicon melt through 
application of a magnetic field to the silicon 
melt, it is preferable that a horizontal magnetic 
field of which intensity at the center is 1000 G 
or more is applied to the silicon melt, and a seed 
crystal having a tip end with a sharp-pointed 
shape or a truncation thereof is brought into 
contact with the melt and dipped thereinto. 

As for the maximum intensity of the magnetic 
field applied to the silicon melt, taking a 
configuration of an apparatus or application of a 
magnetic field in a practical range into 
consideration, the upper limit of the magnetic 
field intensity at the center is at most about 
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9000 - 10000 G as it stands in the case of HMCZ 
method . 

A method of pulling a silicon single crystal 
while applying a horizontal magnetic field of 1000 
G or more to a silicon melt using the HMCZ method 
is also effective in the case of growing a large 
silicon single crystal having a diameter over 200 
mm. In the case" of growing a single crystal with 
a large diameter, taking productivity or yield 
into consideration, generally a single crystal is 
grown by using a large crucible for containing a 
silicon melt and charging a large amount of raw 
material over 100 kg into the crucible at a time. 

When the amount of the raw material contained 
in the crucible, i.e., the silicon melt, is large, 
temperature difference between a peripheral 
portion of the silicon melt near heater and a 
portion near the center of the melt becomes large. 
Thereby, it becomes difficult to stabilize the 
temperature of the melt near a dipped portion of a 
seed crystal since thermal convection becomes 
active. At this time, if a desired magnetic field 
of 1000 G or more is applied to the silicon melt, 
the temperature of the melt near the dipped 
portion of the seed crystal can be stabilized 
since thermal convection in the crucible can be 
suppressed . 
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Intensity of the horizontal magnetic field 
applied to the silicon melt may be appropriately 
selected in accordance with a diameter and quality 
conditions of a single crystal to be grown in 
addition to stability of a temperature of the 
silicon melt. 

If such a method of manufacturing a silicon 
single crystal is utilized, the temperature of the 
melt when bringing the seed crystal having a tip 
end with sharp-pointed shape or a truncation 
thereof into contact with the silicon melt and 
dipping it thereinto is stabilized. Therefore, 
the seed crystal can be dipped to the desired 
diameter so as to decrease generation of slip 
dislocations due to thermal shock as much as 
possible or to generate no slip dislocation. 

Thereby, the success ratio of pulling a 
silicon single crystal having a desired constant 
diameter portion free from dislocation can be 
increased, and at the same time a silicon single 
crystal having a crystal orientation of <110> can 
be pulled by use of a seed crystal having a 
crystal orientation of <110>, which has been 
considered difficult in growth of a silicon single 
crystal using CZ method due to restriction by Dash 
Necking method. Also, it becomes possible to pull 
a silicon single crystal grown by Czochralski 
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method which has a crystal orientation of <110> 
and a constant diameter portion with a diameter of 
200 mm or more, or such a silicon single crystal 
wherein total weight of the crystal pulled from a 
silicon melt is 100 kg or more, further over 300 
kg . 

If the silicon single crystal having a 
crystal orientation of <110> grown by the 
aforementioned manufacturing method is subjected 
to cylindrical grinding, slicing and mirror- 
polishing using the same manufacturing process as 
in the case of a crystal having a crystal 
orientation of <100> or <111>, a silicon wafer 
having a plane orientation of (110) in a main 
surface thereof, which is a main raw material when 
manufacturing a semiconductor device, can be 
industrially manufactured with high efficiency. 

In particular, since it becomes possible to 
obtain a silicon single crystal having a diameter 
of more than 200 mm in a constant diameter portion 
and a crystal orientation of <110>, which has been 
considered difficult to be grown in a conventional 
method, a silicon wafer having a main diameter of 
200 mm or more and a plane orientation of (110) in 
a main surface can be easily produced. Here the 
main diameter of the silicon wafer refers to a 
diameter of a main surface of the wafer not 
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including an orientation flat or an orientation 
notch . 

If the silicon wafer has a plane orientation 
of (110) and a diameter of 200 mm or more, a 
semiconductor device having advanced function can 
be manufactured with good yield and in large 
quantities . 

In growth of a silicon single crystal having 
a crystal axis orientation of <110>, since slip 
dislocations due to thermal shock when a seed 
crystal comes into contact with a silicon melt are 
introduced in the direction approximately 
perpendicular to a crystal growth interface, it is 
difficult to eliminate the slip dislocations in a 
method using Dash Necking method, and therefore, 
mass production has been difficult- Furthermore, 
in growth of a silicon single crystal having a 
crystal orientation of <110> using Dash Necking 
method, since a diameter of a neck portion needs 
to be lessened to 2 mm or less in order to 
eliminate slip dislocations, it has been 
considered difficult to efficiently manufacture a 
heavy crystal with a large diameter of 200 mm or 
more, or 300 mm or more. 

However, in accordance with the manufacturing 
method of the present invention, it becomes 
possible to safely and efficiently produce even a 
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silicon single crystal with a crystal orientation 
of <110> having a large diameter of more than 200 
mm, or a silicon single crystal with a crystal 
orientation of <110> of which the constant 
diameter portion was pulled as long as possible 
and which has a weight of 100 kg or more. 

At the same time, in growth of a silicon 
single crystal having a crystal orientation other 
than <110> by adopting a Dislocation-free seeding 
method in which a silicon single crystal is grown without 
using Dash Necking method, an effect of increasing the 
success ratio of pulling a single crystal free from 
dislocation can be obtained. 

Brief Explanation of the Drawings 

Fig. 1 is a schematic view of an apparatus for 
manufacturing a single crystal by CZ method, in 
which a magnetic field applied apparatus is 
installed, for conducting a method of 
manufacturing a silicon single crystal according 
to the present invention. 

Fig. 2 is a drawing showing seed crystals used 
in Dash Necking method, and seed crystals, each of 
which has a tip end with a sharp-pointed shape or 
a truncation thereof used in the manufacturing 
method of the present invention. 

Fig. 3 is a photograph showing a portion of a 
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silicon single crystal having a crystal 
orientation of <110> and a diameter of about 200 
mm grown by means of the manufacturing method of 
the present invention. 

Fig. 4 is a drawing for illustrating removal 
of slip dislocations by Dash Necking method. 

Best Mode for Carrying out the Invention 

Hereinafter embodiments of the present 
invention will be explained with reference to 
appended drawings. Drawings shown in Figs. 2(C), 
2(D), 2(E) and 2(F) are schematic views showing 
each seed crystal having a tip end with a sharp- 
pointed shape or a truncation thereof used in 
growth of silicon single crystals according to the 
present invention . 

In Figs. 2(C) and 2(D), Fig. 2(C) shows a 
seed crystal lc having a cylindrical straight body 
3c with a conical tip end 4c, and Fig. 2(D) shows 
a seed crystal Id having a prismatic straight body 
3d with a pyramidal tip end 4d. 

Each of Figs. 2(E) and 2(F) shows a tip end 
of a seed crystal having a shape in which the tip 
end 4c of the seed crystal shown in Fig. 2(C) is 
truncated. Fig. 2(E) shows a tip end 4e in which 
the tip end 4c of the seed crystal lc is 
horizontally truncated, and Fig. 2(F) shows a tip 
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end 4f in which the tip end 4c is obliquely 
truncated. As to seed crystals having shapes of 
truncated tip end, if the areas of the bottom 
parts of the tip ends 4e and 4f shown in Figs. 
2(E) and 2(F) respectively are too large, thermal 
shock is likely to occur when the seed crystals 
come into contact with a melt. Therefore it is 
preferable that the area of a seed crystal which 
first comes into contact with silicon melt is 5 
mm 2 or less. 

In the present invention, in the case of a 
seed crystal having a truncated shape of the tip 
end 4c as shown in Figs. 2(E) and 2(F), an angle 
of the tip end of the seed crystal refers to an 
apical angle of the tip end of the seed crystal 
when assuming a shape of the tip end before the 
tip end 4c is truncated. 

These seed crystals are used in manufacturing 
a single crystal so that each of the straight 
bodies 3c and 3d of the seed crystals may be 
locked in a seed holder 28 of an apparatus 10 for 
manufacturing a single crystal shown in Fig. 1 via 
a locking part 2c or 2d provided on the straight 
body 3c or 3d, respectively. 

In the method of manufacturing a silicon 
single crystal according to the present invention, 
as shown in Figs. 2(C), 2(D), 2(E) and 2(F), the 
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tip ends 4c - 4f of the seed crystals have sharp- 
pointed shapes or truncations thereof so that slip 
dislocations may not be introduced into the seed 
crystals by thermal shock when the seed crystal 
comes into contact with a silicon melt, or even if 
they are introduced, the amount thereof may be a 
little. They have obviously different shapes from 
seed crystals used in Dash Necking method. 

As examples of seed crystals utilized in 
growth of a silicon single crystal by means of 
Dash Necking method, Fig. 2(A) shows an 
approximately columnar seed crystal and Fig. 2(B) 
shows a prismatic seed crystal. 

When growing a silicon single crystal, in 
order that a silicon single crystal to be grown 
may have a desired crystal orientation, the single 
crystal is grown by use of a seed crystal having 
the same crystal orientation as the single crystal 
to be grown. For example, in the case of growing 
a single crystal having a crystal orientation of 
<110>, a seed crystal having a crystal orientation 
of <110> in the direction of a pulling axis can be 
used . 

When a seed crystal whose tip end has a 
sharp-pointed shape or a truncation thereof is 
dipped into a silicon melt, the seed crystal 1c or 
Id shown in Fig. 2 is heated to approximately the 
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same temperature as the silicon melt M just above 
the melt. After the temperature of the seed 
crystal becomes steady, the tip end 4c, 4d or 4e, . 
4f is gently dipped into the silicon melt M. When 
the tip end is dipped up to a desired diameter, 
then pulling is started. Thereby, a silicon 
single crystal S having an arbitrary decreasing 
diameter portion SO shown in Fig.l is grown. 

Fig. 1 is a schematic view showing an 
apparatus for manufacturing a silicon single 
crystal by a method of the present invention. An 
apparatus 10 for manufacturing a single crystal is 
composed of a growing furnace 12 where a silicon 
melt M is kept and growth of a single crystal is 
conducted, and an upper growing furnace 14 for 
storing and taking out a silicon single crystal S 
pulled from the silicon melt M. 

At the top of the upper growing furnace 14, a 
winding and rotating mechanism 26 for rotating and 
pulling the single crystal when growing the 
crystal is installed. At the end of a wire 24 
wound off from the winding and rotating mechanism 
26, a seed holder 28 for locking a seed crystal 27 
(the seed crystal lc or Id shown in Fig. 2 as an 
example) is located. When growing a single 
crystal, a straight body of the seed crystal 27 is 
locked at the seed holder 28. The wire 24 is 
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wound off from the winding and rotating mechanism 
26, and a tip end of the seed crystal is dipped 
into the silicon melt M up to a desired position, 
and then the seed crystal 27 is pulled with being 
rotated at the predetermined rate. Thereby, the 
silicon single crystal S is grown below the seed 
crystal 2 7 . 

Inside the growing furnace 12, a crucible 18 
for containing the silicon melt M is installed. 
Since it contains the silicon melt M having a high 
temperature, the inside of the crucible 18 
consists of a crucible made of quartz 18a, and the 
outside thereof consists of a crucible made of 
graphite 18b for protecting the crucible made of 
quartz 18a. The crucible 18 is disposed at the 
approximate center of the growing furnace 12 by a 
crucible supporting shaft 16. Beneath the 
crucible supporting shaft 16, a crucible driving 
mechanism 20 is mounted in order to keep a melt 
surface constant when growing a single crystal, 
and in order to grow a crystal with rotating the 
crucible 18 in CZ method or MCZ method. 

Furthermore, a heater made of graphite 23 for 
melting polycrystalline silicon as a raw material 
and keeping it as the silicon melt M is disposed 
outside the crucible 18, and an operation is 
performed while keeping a temperature of the 
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silicon melt M at a temperature appropriate for 
growth of a crystal by controlling the amount of 
heat from the heater 23. 

Outside the heater 23 and at the bottom of 
the growing furnace 12, heat insulators 22 and 
bottom heat insulators 21 are disposed, which keep 
the inside of the growing furnace 12 hot, and at 
the same time prevent a wall of the growing 
furnace 12 from directly being exposed to 
radiation heat from the heater 23. 

In the apparatus 10 for manufacturing a 
single crystal shown in Fig. 1, for the purpose, of 
further stabilizing a temperature by controlling 
convection of the silicon melt M, electromagnet 33, 
which is an apparatus for applying a horizontal 
magnetic field to the silicon melt M, is mounted 
outside the growing furnace 12. 

In the apparatus 10 for manufacturing a 
single crystal, the center of the horizontal 
magnetic field is positioned inside the silicon 
melt M to efficiently suppress change in 
temperature of the melt, and the horizontal 
magnetic field having intensity of 1000 G or more 
at the center of the magnetic field, which is a 
desired magnetic intensity, can be obtained inside 
the silicon melt M when the seed crystal 27 is 
dipped . 
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From the beginning of growth of a single 
crystal to the time when a temperature of the 
inside of the furnace becomes a room temperature, 
it is necessary to perform the operation while 
flowing inert gas such as argon (Ar) inside the 
furnace in order to prevent the silicon melt M and 
structural members disposed inside the apparatus 
10 for manufacturing a single crystal from being 
oxidized and so on. Therefore, a gas flow 
controlling device 30 for controlling a flow rate 
of the inert gas flowing inside the manufacturing 
apparatus 10 is installed in the upper growing 
furnace 14, and a pressure controlling device 32 
for adjusting the internal pressure is installed 
at the bottom of the growing furnace 12. The flow 
rate of the inert gas flowing in the apparatus 10 
of manufacturing a single crystal and the pressure 
thereof are adjusted by use of these devices in 
accordance with growth conditions of a single 
crystal . 

Next, the method of manufacturing a silicon 
single crystal according to the present invention 
is explained in detail. 

First, polycrystalline silicon as a raw 
material is charged into the crucible 18, and the 
polycrystalline silicon is melted by heating from 
the heater 23. When all of the polycrystalline 
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silicon is melted to be a melt, a temperature of 
the silicon melt M is decreased to that 
appropriate for growth of a single crystal. At 
that time, while adjusting conditions required for 
bringing the seed crystal 27 into contact with the 
melt to be dipped, such as introduction of dopant 
and position adjustment of a surface of the 
silicon melt M, application of a magnetic field 
starts so that the horizontal magnetic field with 
the magnetic field intensity of 1000 G or more at 
the center may be applied to the silicon melt M by 
means of the electromagnet 33. This magnetic 
field is applied at least between the time when 
the tip end of the seed crystal 27 comes into 
contact with the silicon melt M and the time when 
formation of the decreasing diameter portion SO 
formed below the seed crystal 27 finishes and the 
enlargement of a diameter of the crystal starts. 

When the temperature of the silicon melt M 
reaches the predetermined temperature (preferably, 
a temperature 10 - 20 °C higher than a temperature 
appropriate to bring the seed crystal into contact 
with the silicon melt in the method of 
manufacturing a silicon single crystal using Dash 
Necking method) , the seed crystal 27 having an 
apical angle of the tip end of 28 ° or less is 
lowered to directly above the silicon melt M after 
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the temperature becomes steady, and then stays 
until the temperature of the tip end of the seed 
crystal 27 is heated to approximately the same 
temperature as the silicon melt M. 

Subsequently, when the seed crystal 27 is 
heated to approximately the same temperature as 
the silicon melt M, and further a temperature of a 
surface of the silicon melt M around the center of 
the crucible 18 into which the seed crystal S is 
dipped is stabilized to the extent that the 
temperature is changed in the range of ±5 °C or 
less, the seed crystal 27 is gently brought into 
contact with the silicon melt M and dipped 
thereinto. In order to suppress the introduction 
of slip dislocations, it is preferable that the 
temperature variation of the surface at the 
portion of the silicon melt M where the seed 
crystal S is dipped is kept in the range of ±5 °C 
or less, preferably ±3 °C or less, at least until 
the tip end of the seed crystal 27 is brought into 
contact with the silicon melt M and then it shifts 
to pulling. 

The descending rate of the seed crystal 27 is 
decreased to be stopped when the tip end is 
immersed into the silicon melt M to the 
predetermined diameter, and then it shifts to 
pulling while adjusting the ascending rate of the 
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seed crystal 27 and the temperature of the silicon 
melt . 

In shifting to pull the seed crystal 27, if 
the pulling rate is too fast or the temperature of 
the melt is not appropriate, occasionally the tip 
end of the seed crystal 27 detaches from the melt, 
or a diameter of a crystal formed at the tip end 
becomes smaller than the desired diameter. When 
shifting to pull the seed crystal 27, it is gently 
pulled while observing the diameter of the crystal 
formed at the tip end of the seed crystal, and 
adjusting the pulling rate so that the diameter of 
the crystal to be grown may not become smaller 
than the desired diameter. 

In particular, immediately after shifting to 
pull the seed crystal 27, the crystal is formed 
while indicating a tendency that the diameter of 
the crystal to be grown at the bottom of the seed 
crystal 27 becomes smaller than the diameter of 
the tip end after immersion of the tip end of the 
seed crystal. If the diameter of the crystal is 
forcedly enlarged at that time, disadvantage may 
occur, for example, slip dislocations may be 
introduced into the seed crystal 27, or the 
growing crystal may be separated from the melt. 
Therefore, immediately after converting from 
dipping into pulling, it is necessary to perform 
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pulling with adjusting the pulling rate so that 
the diameter of the crystal formed at the tip end 
of the seed crystal 27 may become slightly smaller 
than the immersion diameter of the tip end portion 
of the dipped seed crystal 27 (formation of the 
decreasing diameter portion SO). It is desirably 
pulled with keeping the pulling rate at this time 
at 0.5 mm/min or less. 

As to the immersion diameter of the tip end 
of the seed crystal 27, it is necessary to perform 
dipping with considering that the crystal formed 
at the tip end when shifting to pulling once 
becomes thin. 

After conforming formation of a crystal 
having a diameter smaller than the immersion 
diameter of the tip end at the bottom of the seed 
crystal 27, the pulling rate and/or the 
temperature of the melt are gradually changed to 
lead into an enlarging diameter process in which 
the diameter of the crystal is enlarged (formation 
of an enlarging diameter portion SI) . 

The diameter of the single crystal S formed 
below the seed crystal 27 through the enlarging 
diameter process is enlarged to the desired 
diameter, and the formation of the enlarging 
diameter portion SI is stopped when it reaches the 
predetermined diameter. Then the pulling rate 
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and/or the temperature of the melt are adjusted 
again to lead into formation of a constant 
diameter portion S2 of the single crystal. In the 
formation of the constant diameter portion S2 , the 
constant diameter portion S2 is pulled to be the 
predetermined length while adjusting operation 
conditions in conformity to quality of the crystal 
to be grown and ambience inside the furnace 
(formation of the constant diameter portion S2). 

Then, the growth conditions (a pulling rate, 
a temperature of a melt, etc.) is changed at the 
point when the formation of the constant diameter 
portion S2 having the predetermined length has 
been completed, and the diameter of the crystal is 
gradually decreased to form a tail portion S3 
(formation of the tail portion S3) . 

When the formation of the tail portion has 
been completed, the grown crystal is separate from 
the silicon melt M, and is wound up to the upper 
growing furnace 14. The silicon crystal S is 
taken out from the apparatus 10 for manufacturing 
a single crystal to its outside after the 
temperature of the crystal lowers to a room 
temperature, and thereby growth is finished. 

If the single crystal grown in accordance 
with the above-mentioned method is subjected to 
cutting/cylindrical grinding process and then it 
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is processed into a wafer having a mirror-surface 
by the well-known method, a silicon wafer which is 
a main material for producing a semiconductor 
device can be obtained. 

The present invention will be explained in 
detail hereinafter with showing examples, but the 
present invention is not limited thereto. 

(Experiment 1) 

First, in order to study operation conditions 
desirable for growing a silicon single crystal 
having a crystal orientation of <110> which is 
difficult to produce, a silicon single crystal 
having a diameter of approximately 150 mm (6 
inches) in a constant diameter portion of the 
crystal was manufactured using an apparatus for 
manufacturing a silicon single crystal shown in 
Fig. 1 and adopting a pulling method using Dash 
Necking method without applying a magnetic field 
to a silicon melt. 

As for a seed crystal, in order to grow a 
silicon single crystal while eliminating 
dislocations by Dash Necking method, there was 
used a seed crystal having a prismatic shape with 
sides of 15 mm and a crystal orientation of <110> 

(a seed crystal having a shape shown in Fig. 2(b)) 
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in which a surface for contacting with the silicon 
mel t was flat . 

A crucible made of quartz and having a bore 
diameter of 450 mm was installed in an apparatus 
for manufacturing a silicon single crystal, and 60 
kg of polycrys t alline silicon as a raw material 
was filled into the crucible- After gas inside 
the manufacturing apparatus was exchanged for 
argon (Ar) gas, a heater made of carbon was heated 
to make the pol ycrystall ine silicon a silicon melt. 

After confirming that all the raw material 
was melted, dopant was introduced so that a 
crystal to be grown might be p-type and might have 
a resistivity of about 10 Qcm. Then the melt was 
left until the temperature of the melt became 
steady, while the temperature of the silicon melt 
was adjusted so as to lower to the temperature 
appropriate to growth of a single crystal. In the 
meantime, operation conditions such as the amount 
of inert gas (Ar gas) flowing in the manufacturing 
apparatus, pressure therein and rotation of the 
crucible were adjusted to the manufacturing 
conditions for growing a single crystal until the 
temperature of the melt became steady. 

Stability of the temperature of the melt was 
checked by measuring a surface temperature of the 
melt at the center of the crucible into which the 
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seed crystal was dipped by use of a radiation 
thermometer (manufactured by CHINO, IR-02C), 
through a glass window provided to observe the 
inside of the manufacturing apparatus from the 
outside of the apparatus for manufacturing a 
single crystal. When a temperature appropriate to 
growth of a silicon crystal seemed to be obtained, 
the temperature was measured. 

A result was shown as "Range of temperature 
variation of melt" in Table 1. Although the 
surface temperature of the melt at the center of 
the crucible was repeatedly measured when the 
temperature seemed to be steady, the temperatures 
at the measured point repeatedly changed up and 
down within a range of ±6 °C, and the range of the 
temperature variation never became smaller. 

The measurement of the temperature was 
stopped at that time. After the seed crystal was 
heated at just above the silicon melt for about 5 
minutes, it was gently brought into contact with 
the silicon melt and melted, and elimination of 
slip dislocations was tried using Dash Necking 
method . 

However, it was difficult to eliminate slip 
dislocations in the seed crystal having a crystal 
orientation of <110> by Dash Necking method. 
After elimination of dislocations failed five 
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times, slip dislocations were eliminated when the 
minimum diameter of a neck portion of the crystal 
was decreased to 2 mm in the sixth Dash Necking, 
and thus making dislocation free at the neck 
portion succeeded. 

Although elimination of dislocations at the 
neck portion by Dash Necking method succeeded, 
since the temperature variation of the silicon 
melt might be large, slip dislocations were 
introduced into the single crystal when the 
constant diameter portion of the crystal was grown 
to 60 cm. Consequently it was impossible to pull 
the crystal without dislocations. (See column 
''Presence or absence of success in pulling a 
crystal' 7 in Table 1. O mark indicates a case 
where a silicon single crystal without 
dislocations was pulled, and X mark indicates a 
case where a silicon single crystal without 
dislocations could not be grown.) 

As to results of Experiment 1 and after- 
mentioned Experiment 2 and Example 1, details are 
shown in Table 1 for comparison. 
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(Table 1) 

(Results of growing a silicon single crystal 



having a crystal orientation of <110>) 





Intensity of 
applied 
magnetic 
field 
(horizontal 
magnetic 
field) 


Diameter 
of grown 
crystal 


Method for 
necking 


The 
number 

of 
failure 

in 
seeding 


Range of 
temperature 
variation of 
melt 


Presence 
or absence 
of success 
in pulling 
a crystal 


Experiment 
1 


Not applied 


15 cm 


Dash Necking 
method 


6 times 


± 6 °C 


X 


Experiment 
2 


Not applied 


20 cm 


Dislocation- 
free seeding 
method 


9 times 


+ 8 °C 


X 


Example 1 


4000 G 


20 cm 


Dislocation- 
free seeding 
method 


0 time 


± 1.5 °C 


0 



(Experiment 2) 

From Experiment 1, it was found that there 
was a limit to elimination of slip dislocations by 
Dash Necking method as a method for pulling a 
heavy crystal with a large diameter since a 
success ratio was low in the case of a single 
crystal having a crystal orientation of <110> and 
in addition, there was a need to thin the minimum 
diameter of the neck portion up to about 2mm in 
order to eliminate dislocations. 

A single crystal having a diameter of about 
200 mm (8 inches) at a constant diameter portion 
was practically pulled in order to confirm whether 
a single crystal having a large diameter could be 
grown by a method for growing a dislocation-free 
silicon single crystal using a seed crystal having 
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a sharp-pointed tip end without using Dash Necking 
method (hereinafter, referred to as dislocation- 
free seeding method) . 

Using the same apparatus as Experiment 1 as 
an apparatus for growing a single crystal, 
manufacture was conducted without applying a 
magnetic field to a silicon melt. In Experiment 2, 
in order to grow a silicon single crystal having a 
diameter of about 200 mm and a crystal orientation 
of <110>, a crucible made of quartz and having a 
bore diameter of 600 mm was installed in the 
manufacturing apparatus, and 150 kg of 
polycrystalline silicon as a raw material was 
charged and became a silicon melt through heating 
as in Experiment 1 . 

By the time that the temperature of the 
silicon melt was stabilized at a temperature 
appropriate to growth of a single crystal, dopant 
was introduced into the melt so that resistivity 
of a p-type crystal might be a value of about 10 
Qcm. Then operation conditions such as Ar gas 
flow and pressure inside the manufacturing 
apparatus were adjusted, and it was left until the 
temperature became steady. 

As to a seed crystal used in Experiment 2, 
since there was a need to perform pulling while 
avoiding introduction of slip dislocations due to 
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thermal shock without using Dash Necking, a seed 
crystal having a shape shown in Fig. 2(C), which 
had a columnar straight body with a diameter of 15 
mm and a sharp conical tip end with an apical 
angle of 15 ° , was used. 

When the temperature of the silicon melt was 
stabilized at the temperature of 13 °C higher than 
the temperature at which the seed crystal was 
brought contact with the silicon melt in 
Experiment 1, a surface temperature of the silicon 
melt at the center of the crucible was measured by 
using the radiation thermometer as in Experiment 1 
from the outside of the manufacturing apparatus. 
As a result, it was repeatedly changed up and down 
within a range of about ±8 °C as shown in Table 1. 
However, it was impossible to make the range of 
temperature variation small any, more and to adjust 
the temperature of the melt to be steady. 

In this condition, the seed crystal was 
gently lowered to 1 mm directly above a surface of 
the silicon melt and heated for about 20 minutes 
till the temperature of the seed crystal became 
approximately the same as the temperature of the 
melt. Thereafter the seed crystal was brought 
into contact with the silicon melt and immersed 
into the melt to the desired diameter, and then 
the seed crystal was gradually pulled while 
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keeping the pulling rate at 0.5 mm/min or less. 
Thereby formation of a silicon single crystal 
below the seed crystal was tried. 

However, in most cases, slip dislocations 
possibly due to thermal shock were introduced into 
the seed crystal while the tip end of the seed 
crystal was dipped into the melt to the desired 
diameter. Although trying to grow crystals using 
the same dislocation-free seeding method for 9 
times while changing the seed crystal in each time, 
it was impossible to pull a dislocation-free 
single crystal in all the 9 times. 

As the reason thereof, it is considered that 
since the crucible became larger to increase the 
amount of silicon melt contained therein, 
temperature difference of the silicon melt in the 
crucible was enlarged and the temperature of the 
melt was destabilized, and therefore slip 
dislocations were introduced into the seed crystal 
in process of dipping. 

From the result of Experiment 2, it was found 
that, in order to grow a silicon single crystal 
while preventing introduction of slip dislocations 
due to thermal shock by use of a seed crystal with 
a sharp-pointed tip end and without using Dash 
Necking method, there was a need to further 
suppress the temperature variation of the silicon 
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melt when dipping the seed crystal. 

(Experiments 3-5 ) 

Influence of a temperature variation of a . 
silicon melt when dipping a seed crystal on slip 
dislocations in the seed crystal was studied. As 
a method for controlling the temperature, certain 
growth conditions as shown in Table 2 regarding 
Experiments were set, and in Experiment 3 a 
magnetic field having intensity of 500G was 
applied, in Experiment 4 a magnetic field having 
intensity of 750G was applied, and in Experiment 5 
infrared was irradiated by means of lamp heating 
to a surface of the silicon melt in order to 
suppress natural convection due to thermal 
expansion by decreasing the difference of 
temperature in the depth direction of the silicon 
melt and thereby to lower the temperature 
variation. As to presence or absence of slip 
dislocations in the seed crystal, the diameter was 
enlarged to 200 mm after the seed crystal was 
dipped to the predetermined length and 
subsequently a decreasing diameter portion was 
formed, and then judgment on nonexistence of 
dislocations was conducted by checking crystal 
habit lines indicating a condition of a single 
crystal. This is a general method in which 
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crystallization of a single crystal can be easily 
judged since a characteristic crystal habit to be 
generated on a surface of a single crystal 
disappears in the. case that dislocations remain in 
the seed crystal. As a seed crystal, a seed 
crystal having a shape shown in Fig. 2(c) was used, 
which had a columnar straight body with a diameter 
of 15 mm and a sharp conical tip end with an 
apical angle of 15 ° . 



(Table 2) 

(Results of dislocation generation in 
a silicon seed crystal having 



a crystal orientation of <110>) 





Intensity of 
applied 
magnetic 
field 
(horizontal 
magnetic 
field) 


Bore of 
quartz 
crucible 


The amount 
of silicon 
melt 


Range of 
temperature 
variation of 
melt 


State of 
dislocation 
generation 


Experiment 3 


500 G 


600 mm 


150 kg 


± 10 °C 


Presence of 
dislocations 


Experiment 4 


750 G 


600 mm 


150 kg 


± 5.6 °C 


Presence of 
dislocations 


Experiment 5 


0 G 


600 mm 


150 kg 


± 4.3 °C 


Absence of 
dislocation 



From Experiment 4 and Experiment 5 in Table 2, 
it was found that the crystal habit lines on the 
surface of the crystal disappeared at an enlarging 
diameter portion and dislocations were generated 
under the conditions that the range of the 
temperature variation of the melt exceeded 5 °C. 
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Further, from Experiment 5, it could be confirmed 
that it was possible to grow a single crystal 
without generating dislocations if the range of 
the temperature variation of the melt was 5 °C or 
less . 

In the case of controlling the temperature 
variation of the silicon melt by applying a magnetic 
field in growth conditions as Experiment 2, if a magnetic 
field of 1000 G or more was applied, the range could be 
controlled within ± 5 °C. It is found that application 
of a magnetic field with such a level is effective, 
although the optimal intensity of a magnetic field and so 
forth are slightly different depending on the growth 
conditions and so forth. In the present invention, it is 
important to control the temperature variation of the 
silicon melt, particularly, to control it within ± 5 °C. 
Therefore, when it could be controlled in such a 
condition, methods except for a method of applying a 
magnetic field were also effective. 

(Example 1) 

In order to grow the same single crystal 
having a diameter of about 200 mm and a crystal 
orientation of <110> as Experiment 2, growth of a 
silicon single crystal was tried, in which a seed 
crystal was brought into contact with a silicon 
melt and dipped therein while applying a 
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horizontal magnetic field to the silicon melt. 

The same apparatus as used in Experiment 2 
was utilized, and a crucible made of quartz having 
a bore diameter of 600 mm was installed in the 
apparatus. 150 kg of polycrys talline silicon was 
charged therein and the raw material was heated by 
a heater made of graphite to become a silicon melt. 

When all the polycrys tal line silicon was 
melted, the temperature thereof was decreased to • 
the desired temperature suitable for growth of a 
single crystal. Then dopant was added into the 
melt so that resistivity of a p-type crystal might 
be 10 Qcm, and it was left until the temperature 
of the melt became steady. In the meanwhile, an 
apparatus for applying a magnetic field 
(electromagnet) which was located outside the 
apparatus for manufacturing a silicon single 
crystal was operated, and a horizontal magnetic 
field having intensity of 4000 G at the center of 
the magnetic field was applied to the silicon melt. 

In Example 1, application of the magnetic 
field was continued from the time when the melting 
was finished and stabilization of the temperature 
of the melt was set out until the time when the 
growth of the silicon single crystal was finished 
and a tail portion of the crystal was separated 
from the melt. 
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After applying the magnetic field to the 
silicon melt, a surface temperature of the melt 
around the center of the crucible was measured by 
the radiation thermometer as Experiment 2 when the 
temperature of the melt seemed to be stabilized at 
approximately the same as the temperature in 
Experiment 2 . The temperature variation was 
settled within ±1.5 °C, and therefore it was 
confirmed that it was kept in good condition for 
bringing a seed crystal into contact with the melt. 

A seed crystal having the same shape as 
Experiment 2, which had a diameter of 15 mm in the 
straight body, a sharp conical tip end with an 
apical angle of 15 °, and a crystal orientation of 
<110>, was loaded in a seed holder of the 
manufacturing apparatus . 

After confirming stabilization of the 
temperature of the melt, the seed crystal was 
gently lowered to 1 mm directly above the silicon 
melt, and it was left for about 20 minutes until 
the seed crystal was heated. Then after the seed 
crystal was heated to the temperature as much as 
the temperature of the silicon melt, the tip end 
of the seed crystal was gradually lowered into the 
melt and the conical portion of the tip end of the 
seed crystal (the tip end portion) was immersed 
into the silicon melt up to a desired diameter. 
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When the seed crystal was immersed to the 
desired diameter, lowering of the seed crystal was 
stopped and pulling started gently. When the 
temperature variation of the surface of the 
silicon melt between the time of bringing the seed 
crystal into contact with the silicon melt and the 
time of shifting to the pulling was measured by 
means of the radiation thermometer, it was 
confirmed that the temperature variation was kept 
within a range of ±1.5 °C. Then, a decreasing 
diameter portion was formed below the seed crystal 
while keeping the pulling rate of the seed crystal 
at 0.5 mm/min or less and controlling the 
temperature of the silicon melt, and after that, 
the diameter of the crystal was enlarged to the 
predetermined diameter to grow a silicon crystal 
having a diameter of about 200 mm in the constant 
diameter portion. 

After growing the constant diameter portion 
so that the constant diameter portion of the 
single crystal might have the predetermined length, 
the diameter of the crystal was gradually lessened 
to form a tail portion and the grown crystal was 
separated from the silicon melt. Thereby the 
growth of the silicon single crystal had been 
f ini shed . 

The grown silicon single crystal was gently 
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cooled, and it was taken out of the manufacturing 
apparatus. When its weight was measured, a heavy 
single crystal with a large diameter shown in Fig. 
3 was obtained, which had a diameter of 208 mm and 
weight of 120 kg. Further, there was no failure 
such that a crystal was grown again from the 
beginning due to introduction of slip dislocations 
during growth, and therefore it was possible to 
grow a heavy single crystal with a large diameter 
which was dislocation-free and had an intended 
crystal orientation of <110> without any 
difficulty. Moreover, as a result of the 
measurement after the pulling, it was confirmed 
that the minimum diameter of the decreasing 
diameter portion formed at the tip end of the seed 
crystal shown in Fig. 3 was 5 mm or more, and 
therefore a single crystal could be grown without 
using Dash Necking method. 

Thereby, according to the manufacturing 
method of the present invention, it was found that 
it was possible to optimally manufacture even a 
silicon single crystal with a crystal orientation 
of <110>, which had been thought impossible to be 
grown as a heavy single crystal with a large 
diameter, by CZ method including MCZ method. 

Further according to the present invention, 
it was found that, in the case of adopting the 
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dislocation-free seeding method in which a silicon 
single crystal was grown by using a seed crystal 
having a tip end with a sharp-pointed shape or a 
truncation thereof without using Dash Necking 
method, the ratio of success could be improved. 

The present invention is not limited to the 
embodiments described above. The above-described 
aspects are mere examples, and those having 
substantially the same structure as technical 
ideas described in the appended claims and 
providing the similar functions and advantages are 
included in the scope of the present invention. 

For example, the embodiments of the present 
invention were explained with referring to an 
example of growing a silicon single crystal having 
a diameter of 200 mm (8 inches), however, the 
effects of the present invention can be 
sufficiently obtained also in the case of growing 
a silicon single crystal having a smaller diameter. 
Further the present invention is also effective in 
increasing the weight since there is no need to 
perform necking of a seed crystal by Dash Necking 
method. For example, in the present invention, 
since the diameter of 5 mm or more can be ensured 
even at the minimum diameter portion of a crystal 
formed at the tip end of a seed crystal, the 
present invention can be also applied to 
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manufacture of a silicon single crystal with a 
large diameter of 300 mm (12 inches) or more which 
have been widely utilized in recent years, 
particularly, a heavy silicon single crystal 
having weight of the crystal over 300 kg. 

In the embodiments, examples of a crystal 
orientation of <110> which is most difficult in 
pulling were explained, however, the present 
invention can be also properly applied to pulling 
of crystals having other crystal orientations. 
Pulling a crystal having a crystal orientation of 
<100> or <111> is not difficult compared with 
pulling a crystal of <110>, but the method 
according to the present invention is still 
effective since frequency of failure of seeding 
decreases . 
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